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Tuesday, February 10, 2014 393ain nonviral transfection. Lipoplexes in gene therapy offer efficient introduction
of a therapeutic material to the living cells. Gemini surfactants also allow intro-
duction of a transgene without inducing natural immunological response and
release it inside the cell.
In our study, we analyzed the process of complexation of cationic gemini sur-
factants (3.30- [1,6- (2,n-dioxyalcane)] bis(1-dodecyloxyimidazolium dichlor-
ides)) with DNA, using small angle X-ray scattering, circular dichroism
spectroscopy and gel electrophoresis. Surfactants which have been used had
of variable length of the spacer group. We observed the formation of stable
complexes in these systems and the process of complex formation was repro-
ducible, efficient and immediate. The research was supported by research grant
(UMO-2011/01/B/ST5/00846) from National Science Centre (Poland).
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We present here the synthesis and characterization of nanoscale materials with
DNA binding properties. We have functionalized graphene quantum dots
(GQDs) with graphite-binding peptides to obtain graphene/peptide conjugates.
The conjugates form stable 2D crystalline beta-sheet domains on the graphene
surface. Upon incubation with DNA, we observe that DNA binding to the
domain is directional, and the DNA preferentially aligns to the peptide direc-
tion. Upon binding the peptide-functionalized GQDs to DNA we observe an
architectural role of GQDs in global and local flexibility, looping, and compact-
ing of DNA. We use worm like chain (WLC) model to determine the persis-
tence length of DNA in the absence and in the presence of GQDs,
confirming a decreased persistence length upon GQD binding. Further, we
find that the presence of peptide augments the number of DNA binding sites,
as compared with exposure of bare GQDs to DNA. Our results show that
peptide-modified GQDs can be a potentially ideal nanomaterial mimic of
DNA-binding proteins similar to nucleosomal structures and other DNA-
metabolic enzymes.
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Guanine-rich DNA and RNA sequences can adopt highly polymorphic four-
stranded structures, so-called G-quadruplexes (GQs), which play an important
role in different biological processes such as telomere maintenance, abortive
transcription and gene regulation. Their biological relevance has increased
the interest in the development of probes to sense GQs and the study of these
compounds as potential anticancer agents. Although a wide variety of fluores-
cent sensors have been reported for GQ detection so far, none is a ratiometric
probe. Ratiometric probes are powerful sensors for which the relative variation
between two emission peaks constitutes an absolute observable, avoiding the
unwanted photobleaching and background effects.
In the present work, we introduce a couple of selective sensors. A compound
for ratiometric studies that undergoes excited-state intramolecular proton trans-
fer (ESIPT) and a naturally occurring compound that lights up when bound to
GQs. The interaction of both fluorophores with several GQ-forming sequences
was tested using steady-state and lifetime binding assays. Single-, double- and
triple-stranded DNAs were used as controls.
We demonstrate that ESIPT probes can be selective and quantitative ratiomet-
ric GQ sensors, thanks to the presence of two different emission peaks with
good spectral separation. Additionally, some natural probes and their deriva-
tives can act as fluorescence light-up probes in the determination of GQs
with a remarkably high affinity when compared with most of the popular sen-
sors. Our natural compound presents most of these characteristics making it a
prominent candidate to develop next generation of GQ sensors.
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USA, 3Department of Physics, Northeastern University, Boston, MA, USA.Kinetic and thermodynamic effects of small structural changes to the DNA
duplex can be studied on a single molecule level using optical tweezers. Short
DNA hairpins, which can be synthesized to contain any sequence or structure of
interest, serve as our model for double stranded DNA duplexes. To facilitate
pulling with optical tweezers, the hairpins are attached to long flanking DNA
‘‘handles,’’ which themselves are chemically attached to beads. The forces
required to fully unfold the hairpin constructs are directly related to the thermo-
dynamic stability of the hairpin structure, allowing us to quantify the effects of
mismatches, lesions, intercalator binding, and other non-canonical structures
that disturb the stability of double-stranded DNA. The first step in this project
is to synthesize, purify, and characterize hairpin assemblies with specific se-
quences, utilizing a combination of solid-phase organic synthesis and molecu-
lar biology. Then, individual DNA hairpin molecules are stretched with optical
tweezers. Changes in distance and force reveal that fully-matched Watson-
Crick duplex hairpins unfold and refold neatly in discrete, concerted events,
whereas mismatched and bubbled hairpins open and close with lower force
and greater force variability. Although the overall stability of the structures
is predicted well by mfold calculations, the single molecule studies allow mea-
surement of the barrier to unfolding as well as the distance to the transition
state. After validating the method for DNA alone, changes in the transition state
and hairpin stability in the presence of DNA binding ligands can then be probed
directly.
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During mammalian spermiogenesis, there is a remarkable change in the nuclear
morphology whereby the chromatin is completely remodeled. Specifically, the
histone proteins that wrap the DNA into nucleosomes are removed, and the
DNA is coated with a series of small (~100-amino-acid), arginine-rich prot-
amines that dramatically compact the DNA into a series of toroids. This
replacement and compaction 1) reduces the head size of the sperm to enhance
their hydrodynamicity, 2) decreases the likelihood of DNA damage, and 3) re-
moves the epigenetic markers passed on through histone modifications. Here,
we directly observe the steps of toroid formation and the underlying mechanics.
We use a single molecule biophysics assay where we tether a particle (1-mm-
diameter bead) to the DNA and to the sample surface. During DNA folding,
the end-to-end length of the DNA decreases, decreasing the motion of the par-
ticle. This tethered particle motion (TPM) assay is useful because we do not
apply any external forces, allowing us to measure reversible folding events.
Previously, we saw ~200 nm changes in length that suggest that the toroid
forms by successive loops. Here, we optimized the assay to enhance efficiency
and resolution by improving bead monodispersion, protein binding to the sur-
face, and DNA purification.
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The equilibrium transition from B-DNA to Z-DNA is driven by salt cations and
by neutral osmolytes. Transition metal complex cations, such as cobalthexam-
mine and cobalttrisethylenediamine, stabilize the Z-DNA form of poly[d(G-C)]
through electrostatic interactions with the DNA backbone and site-specific
hydrogen bonds. These complexes can be used to measure the position of the
B-Z equilibrium in the presence of osmolytes. Previous studies in our lab
and Donald Rau’s lab (1) have shown that applying an osmotic stress in osmo-
lyte solutions decreases the concentrations of complex required to form the
more sparsely hydrated Z-DNA. We have found that the cobalttrisethylenedi-
amine complex is less effective than the cobalthexammine complex in driving
the transition, possibly because the three bidentate ligands in the former result
in a lower conformational entropy than the six monodentate ligands in the
latter. On the other hand, the binding of cobalttrisethylenediamine to Z-DNA
appears to be more strongly subject to competition by hydrating water mole-
cules, as indicated by greater sensitivity to osmotic stress (2). For example, a
sucrose concentration of 4.07 osmolal decreased the transition midpoint con-
centration of the trisethylenediamine complex by 2.5-fold, while the midpoint
concentration of the hexammine complex was decreased by only about one-
third. Similar trends were also observed with monohydroxylic osmolytes
such as methanol and dihydroxylic compounds such as propylene glycol.
Future studies will compare the (þ) and (-) enantiomers of cobalttrisethylenedi-
amine, in an attempt to explore stereospecific aspects of their binding to DNA.
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1. Preisler et al (1995) Biochemistry 34, 14400-14407
2. Ashman et al (2011) Biophysical Society meeting poster presentation
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Cytosine-rich nucleic acid sequences found in human DNA can adopt multiple
intramolecular structures identified as i-motifs that are dependent on physio-
chemical solution conditions. The focus of this study is a four-stranded struc-
ture from the promoter of the human c-MYC gene. This compact, stable, and
monomeric structure forms upon a decrease in pH (<5.0) causing hemi-
protonation of a cytosine that results in a stable C-Cþ hydrogen bond.
Sedimentation velocity experiments were performed with the analytical ultra-
centrifuge in order to determine the hydrodynamic properties of the folded
i-motif. The sedimentation velocity experiments were carried out in buffer
conditions that differed in pH (4.5-8.0), salt type (NaCl and KCl), and salt
concentration (up to 400 mM). Experiments were run at different pH values
in order to observe the linkage between the pKa of the Hoogsteen base pair
and i-motif folding. High salt concentration was used to avoid non-ideality
(primary charge effect) observed when nucleic acids sediment at low salt con-
centration. The data indicates that the S20,w value increases when the primary
charge effect is overcome at a higher salt concentration. The experimental
S20,w values are compared with values obtained by bead model simulations
using SOMO as implemented in Ultrascan 3. (Supported by UMC AUC
Facility.)
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Immobile four-way junctions (4WJs) are the core structural motif employed in
structural nucleic acid nanotechnology to constrain interconnected duplexes.
While it is well known that 36 sequence designs form immobile four-way junc-
tions that may exist in one of two stacked conformational isomers, the molec-
ular basis for their stability and stacking interactions remains obscure. For
example, experiment indicates that several core sequence motifs exhibit a
strong bias for one isomeric state, whereas both isomeric states are preferred
equally by others. Molecular dynamics (MD) offers atomic-level insight into
the structural and chemical basis for 4WJ interactions leading to preferential
stability of one over the other isomeric state. To investigate 4WJ stability,
we employed all-atom MD including explicit solvent and experimental ionic
conditions to examine the dynamics of the canonical Seeman J1 4WJ that
strongly prefers one of its two isomeric states, and compared it with several
alternative sequence designs. Analysis of base-pair level duplex and crossover
degrees of freedom reveals base stacking and pairing interactions that may
impact overall junction stability.
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Chromatin conformation and dynamics remains unsolved despite the funda-
mental role of the chromatin in genetic functions such as transcription, repli-
cation, and repair. At the molecular level, chromatin can be viewed as a linear
array of nucleosomes, each consisting of 147 base pairs (bp) of dsDNA wrap-
ped around a protein core and connected by 10 to 90 bp of linker dsDNA. Us-
ing small-angle x-ray scattering (SAXS), we have investigated how the
conformations of model nucleosome arrays in solution are modulated by ionic
condition as well as the effect of linker histone proteins. To facilitateensemble modelling of these SAXS measurements, we have developed a
DNA Monte Carlo move module that significantly extends the functionality
of SASSIE, a program to study intrinsically disordered biological molecules.
Our SAXS measurements of various nucleosome arrays together with the
SASSIE generated models provide valuable solution structure information
and clearly demonstrate the importance of linker histone in the formation of
well-defined chromatin conformations. Additionally, the added capability of
SASSIE provides a valuable tool for generating atomistic molecular structures
of DNA and DNA-protein systems based on experimental scattering
measurements.
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Magnetic tweezers dual-molecule braiding assays provide an adequate frame-
work for studying the mechanical aspects underlying the process of winding
two DNA molecules around each other. In its typical implementation however,
this technique do not allow direct measurement of torque because the torque
exerted by the magnetic traps (~103 pN nm) is at least one order of magnitude
larger than the restoring torque of DNA (~ 102 pN nm). In previous work, our
laboratory showed that enough elastic energy could be stored in a pair of
braided DNA molecules to perform mechanical work by rotating a microscopic
object in absence of manipulation. Here we have exploited that unique property
of DNA to perform a real-time study of braided DNA dynamics. In our exper-
iments, torsionally unconstrained lambda DNA molecules were bound to a sur-
face by one end and to a microscopic dumbbell at the other. A magnetic
tweezers apparatus was employed to stretch and braid the molecules. Upon
creating the braid, the magnet was removed to trigger the spontaneous unbraid-
ing of DNA. The rotational dynamics of the dumbbell was followed in
real-time. Hydrodynamic equations were employed to relate the dynamical in-
formation of the dumbbells to torque values. Our most important finding is that
the unbraiding process occurs in a discontinuous manner. The estimated mag-
nitudes of torque were found to fluctuate between an upper (~ 102 pN nm) and a
lower bound (~ 101 pN nm) value along the entire process. The magnitudes of
the fluctuations were found to be independent of the amount of times that the
molecules crossed each other. No different was found for braids of opposite
handedness. We attributed these fluctuations to the formation/rupture of stable
DNA interactions.
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G-quadruplexes are involved in fundamental regulatory processes, including
those associated with cancer. Previous studies primarily focused on telomeric
and oncogenic DNA G-quadruplexes, but recent studies have demonstrated
that G-quadruplexes in ribosomal DNA or ribosomal RNA (rDNA or
rRNA), may be an alternative target with a significant clinical potential
through the inhibition of RNA polymerase I (Pol I) in ribosome biogenesis.
The structures of ribosomal G-quadruplexes at atomic resolution are unknown
and very little biophysical characterization has been performed on them. In
our present study, we modeled putative ribosomal G-quadruplexes that were
previously predicted using a bioinformatics algorithm and verified using CD
spectroscopy to exist in a predominantly parallel topology. To quantify the
relative stabilities of the acridine:G-quadruplex structures, we introduce two
novel metrics for quantifying the relative stability of the G-quadruplex tetrads:
1) the center of mass base-to-base distance between diagonal guanines, and 2)
the torsional angle between four guanines. Our relative free energy profiles
show that the rDNA G-quadruplex structures with shorter loops are more sta-
ble for parallel topologies. The antiparallel topology was determined adopt a
disordered configuration due to the lack of planarity after the simulation. To
evaluate acridine molecules as a viable small molecule chemotherapeutic
agent, we then rationally designed several acridine molecules. Each has a pol-
yaromatic face that binds to the top-most G-tetrad and has amino or carboxyl
side-chains to selectively optimize the shape and electrostatic complemen-
tarity. We then docked acridines to the rDNA G-quadruplexes and performed
MD simulations. We identified several acridines with amino groups, and the
nature of their specificity and relative stabilities depend on the rDNA G-quad-
ruplex loop structures.
